S
ERUM lipoproteins have been studied in some detail in relation to certain disease conditions and metabolic disorders of man. However, very limited research has been conducted on the lipoproteins of ruminant animals. Current research in ruminant nutrition and metabolism has focused more attention on lipid utilization and its interactions with proteins in the serum. Researchers (Evans, Patton and McCarthy, 1961; Berry et al., 1963; Glascock et al., 1966; Welch et al., 1968; Moore, Steele and Noble, 1969a) have demonstrated apparent lipoprotein specificities in lipid transport as well as fatty acid utilization by mammary tissue in ruminant animals. However, these researchers have not measured the concentrations of the different serum lipoprotein fractions nor have they determined whether or not the lipoprotein separations based on human lipoprotein fraction densities contain the major individual groups of the llpoproteins which may be metabolically important. Such a fractionation study has been conducted with pig serum (Janado, Martin and Cook, 1966) and it was determined that the low density lipoprotein fraction had two clearly resolvable components. The fatty acid composition of certain lipoprotein fractions of the lactating bovine have been reported by Evans et al. (1961) and .
McCarthy, observed somewhat severe alterations in the serum lipoproteins of cows with ketosis and also in animals with depressed milk fat. Studies by Berry et al. (1963) demonstrated that a significant portion of the milk fats from ruminant animals are carried in the bloodstream by the low density lipoproteins.
In this study, the serum lipoproteins of maturing beef steers fed ad libitum, a high energy finishing ration, were studied in relation to the characteristics of the lipoprotein frac-X Arizona Agricultural Experiment Station Technical Paper 1687.
2 Department of Animal Science. a Assistant Dean, College of Medicine. 1016 tions present, their concentration and fatty acid composition. In addition, the influences of various levels of animal fat added to the diet (Marchello, Dryden and Hale, 1971 ) on the serum lipoproteins and their fatty acid composition will be presented.
Materials and Methods
The experimental animals, rations containing 0, 5, 10 or 15% added animal fat and feeding periods utilized in this study were the same as those discussed by Marchello et al. (1971) . Furthermore, the lipid content and fatty acid profile of each of the rations were presented by these authors with similar blood sampling procedures. Immediately after separation, the serum was adjusted to 10 -3 M with EDTA-Na2 as an antioxidant and to 1/104 (w/v) Merthiolate as a preservative. The pH was adjusted to 7.4, and those concentrations were ma;ntalned through all subsequent stages.
The major lipoprotein classes were isolated by sucessive centrifugations in a Spinco Model L preparative ultracentrifuge at 5 C. The chylomicrons and very low density lipoproteins (hereafter referred to as chylomicrons) were recovered after centrifugation at a minimum of 1.13 x 10Sg rain at the assumed background serum electrolyte density of 1.007. After density adjustment to 1.063 g/ml with NaBr and centrifugation at a minimum of 1.70 x 10Sg min, the low density lipoproteins (LDL) (density 1.007 to 1.063) were obtained as a somewhat yellow layer on the surface. Further centrifugation at a minimum of 1.70x 10Sg rain at a NaBr adjusted density of 1.21 g/ml yielded the high density lipoproteins (HDL) (density 1.063 to 1.21).
The above method of preparing the LDL was modified when it was found that it contained two components, the LDL1 (low density lipoprotein-component 1) and LDL2 (low density lipoprotein-component 2) fractions. An additional centrlfugatlon between the 1.007 and the 1.063 separations at the density of 1.044 was conducted under conditions out-lined above to yield as separate classes the LDL1 (density 1.007 to 1.044) and LDL2 (density 1.044 to 1.063). After separation, all samples were dialyzed for 48 hr. in four changes of a 0.15 M NaBr, 10 -~ M EDTA-Na2 and 1/104 (w/v) Merthiolate standard reference solution (SRS) at pH 7.4.
The concentration of each lipoprotein fraction after dialysis was determined by refractive index (Lindgren, Freeman and Nichols, 1965) . If after dialysis the concentration was too low, the samples were recentrifuged and dialyzed. Analytical ultracentrifugation (Spinco Model E) sedimentation velocity determinations for the lipoprotein fractions with a density of less than 1.063 were made at 36,000 rpm and 25 C in a NaBr solution with a density of 1.4 g/ml according to the high salt flotation technique of Adams and Schumaker (1969) . Schlieren photographs were taken every 4 minutes. These determinations for the HDL were conducted at 60,000 rpm and 25 C in the SRS with photographs every 8 rain. following the procedure and methods of calculation of Schachman (1957) .
To confirm that the LDL1 and LDL2 were individual fractions apart from the HDL, the three different lipoprotein fractions were centrifuged at various solvent densities. Then ~S values, the product of solvent viscosity and sedimentation coefficient, were plotted against solvent density. The density of the macromolecule is indicated by the density where ~S equals zero. From these analyses, LDL1 had a density of 1.030, LDL2 a density of 1.057 and HDL a density of 1.077 g/ml.
However, the LDLt and LDL2 fractions from Period 2 were not successfully separated at the density of 1.044 upon preparative ultracentrifugation. Analytical centrifugation revealed contamination of each fraction with the other and they were, therefore, recombined to form a fraction with a density of 1.007 to 1.063 g/ml (LDL). The LDL1 and LDL2 in this pooled fraction were well separated on flotation photographs and sedimentation velocity values were calculated.
The methods for serum lipid and lipoprotein fraction lipid extraction (chloroform-methanol, 2:1 v/v), thin-layer separation of the phospholipids, free fatty acids, triglycerides and cholesterol esters, and esterification and gas-liquid chromatography of the fatty acids are discussed in detail by Marchello et al., 1971 . These authors also discussed the statistical analysis of the data utilizing the nested least squares procedures of Harvey (1960) . Significant (P~.05) effects were isolated through application of Duncan's New Multiple Range Test according to Li (1964) .
Results and Discussion
Through preparatory ultracentrifugation the following four primary lipoprotein fractions were obtained from bovine serum and their content verified through analytical ultracentrifugation; the chylomicrons, density ~1.007; the LDLx, density 1.007 to 1.044; the LDL2, density 1.044 to 1.063; and the HDL fraction, density 1.063 to 1.210 g/ml. and diet. The lipid content of each of the fractions is in table 2 with one difference being that the LDL1 and LDL2 fractions of Period 2 were not successfully separated and, therefore, analyzed as LDL. Even though the data are not presented on an individual animal basis, it should be noted that in the ttDL fraction of collection Period 1, where these individual concentration data were available, there was considerable variability between animals within treatment. However, the lipid component on a percentage basis of the HDL fraction was more uniform.
The separation characteristics of bovine LDLi and LDL2 fractions set the LDL2 fraction apart as being most like the major LDL of human serum (Cornwell and Kruger, 1961) . It also appears to be very similar to an LDL fraction discussed by Janado et al. (1966) in pig serum. However, these researchers observed the secondary LDL fraction to be somewhat more dense in pig serum than the bovine LDL2.
The concentration of the LDL~ at sampling Period 1 (75% concentrate ration) was significantly (P<.05) lower than the LDL2 fraction (table 1) . Even in combination these two fractions (LDL) were present in significantly (P<.05) smaller concentrations than the ttDL which were 70.5% of the total lipoprotein present. The LDL2 fraction on sampling Period 2 (90% concentrate ration) was not significantly different from the concentration of the LDL~. The reason for the nearly three-fold (138 to 48 mg/100 ml serum) reduction in the concentration of the LDL2 is not apparent as the total lipid content between the two sampling periods (table 2) was not decreased in proportion to the decrease in weight of this lipoprotein fraction. This indicated that the difference in concentration was due to a decrease in the protein portion of the LDL2 which may have been due to: the change in animal age between periods, an effect of the change in energy content of the ration between the two periods, or there may have been an error in the determination of the protein concentration. Both the LDL1 and LDL2 were present in smaller (P<.05) quantities than the HDL at the second collection period. Over both periods and all diets the HDL were found to comprise 76% of the total lipoprotein present in the bovine serum and the LDL1 and LDL2 to be 5.4 and 18.5%, respectively. This is in contrast to human serum (Lewis, Green and Page, 1952; Havel, Eder and Bragdon, 1955) and pig serum (Janado et al., 1966) where the major portion of the lipoproteins appear in the LDL fraction. Furthermore, according to Lewis et al. (1952) the guinea pig, sheep, oppossum and rat also have their greatest lipoprotein concentration in the LDL fraction.
Within diets over the two time periods studied, the concentrations of the lipoproteins were much the same as they were within the time periods (table 1 ) . Only within the 10% added fat diet did the concentration of the LDL differ (P<.05) from the HDL. The HDL were consistently present in significantly (P<.05) higher amounts than the LDL~, LDL2 or the pooled LDL.
The influence of added animal fat was somewhat variable on each of the lipoprotein fractions (table 1) and the only significant (P<.05) effect due to diet was observed in the overall concentration of the LDL1, LDL2 and HDL fractions in the serum. The control steers had the lowest (P<.05) level of these lipoproteins while the steers on the 5 and 15% added fat diets, though not significantly different from each other, had significantly (P<.05) less than the steers on the 10% added fat diet which had the highest overall amount of LDL1, LDL2 and HDL. This trend, although not significant, was present in each of the individual fractions except in the LDL~ where the steers on the 5% added fat diet had a greater level than did the steers on the 10% added fat diet. In all cases, the control steers had the lowest level of each of the lipoproteins while the steers on the 10% diet had the highest levels.
All lipoprotein classes contained significantly (P~.05) different amounts of the total serum lipid (table 2) ; however, the differences between sampling periods were not significant. The HDL contributed the largest amount of the total lipid and this fraction was approximately 41% lipid at both sampling periods. Human HDL have also been observed to contain approximately 58% protein or 42% lipid (Frederickson, Levey and Lees, 1967; Skipski et al., 1967) . The LDL possessed the next largest amount of lipid, although there was some variation in the percent lipid carried by this fraction between the two periods. For Period 1, the LDL were about 43% lipid (the lipid for LDL1 was approximately 44%; for LDL2, 40% ), while for Period 2 the lipid content was approximately 85%. The figure of 85% lipid in the LDL during this final period is very similar to the values obtained for the various LDL fractions of human serum (Skipski et al., 1967) and pig serum (Janado et al., 1966) . Apparently, there was a protein structure change between these two sampling periods or there may have been an error in the LDL1 or LDL2 lipid or protein concentration determination on Period 1 which allowed this change in lipid-protein ratio. The chylomicrons were observed to carry a very small portion of the total serum lipid (table 2) . This result tends to substantiate the work of Glascock et al. (1966) who suggested that bovine chylomicrons were considerably less important in total lipid transport and metabolism than the LDL or HDL.
Within each of the diets over the two treatment periods, the quantity of total serum lipid carried by the LDL fraction was not significantly different from the chylomicron fraction (table 2) . Furthermore, only in the 10 and 15% added fat diets were the HDL transporting significantly (P<.05) greater amounts of lipid than the LDL.
The influence of the various levels of added animal fat did not have a marked effect on the quantity of lipid present in each lipoprotein fraction or the chylomicron fraction. The total lipid carried by the LDL and HDL fractions was the only significant (P<.05) effect due to diet that was observed (table 2) . The greatest quantity of serum lipid in the HDL and LDL fractions was found in the animals consuming the 10% added fat diet followed by those on the 5% added fat diet in which the quantity was significantly (P<.05) higher than in the steers on the control diet but not different from those on the 15% added animal fat diet. Within the LDL fraction the steers on the control and 15% added animal fat diets had essentially the same lipid level which was approximately one-half that present in the steers on the 5 and 10% added fat diets. The HDL fraction which carried a greater percentage of the total serum lipid possessed the least lipid (126.1 mg/100 ml serum) in the control steers and the greatest amount in the steers on the 10% added fat diet (195.2 mg/100 ml serum). The serum HDL fraction of the steers receiving 5 and 15 % added animal fat was in between with approximately 154 mg lipid per 100 ml serum.
Tables 3 and 4 contain the major fatty acid composition profiles of the lipid classes of the lipoprotein fractions and the whole serum by diet over both ~amp.qng periods. If allowance was made f:'_ differences in experimental conditio,~s, the fatty acid composition of the various lipid fractions was similar to those previously reported (Hanahan, Watts and Pappajohn, 1960; Evans et al., 1961; Duncan and Garton, 1963; Leat, 1966; Moore et al., 1969a) . Because such large differences in fatty acid composition between the lipid classes existed, all statistical analyses were conducted on a within fraction basis with subsequent nesting of the main effects.
The triglyceride and free fatty acid fractions in nearly all instances exhibited more animal variation in their fatty acid composition than did the cholesterol esters or the phospholipids. Moore et al. (1969b) have demonstrated that the ingested fats of sheep are first incorporated into the triglyceride and free fatty acid fractions and after approximately 24 hr. these same acids begin to appear in the cholesterol ester and phospholipid fractions. This indicates that the phospholipid and cholesterol ester fractions of bovine serum may have a less dynamic fatty acid composition.
The fatty acid composition of the phospholipids between the lipoprotein fractions and the whole serum over both periods within a diet (table 3) significantly (P<.05) less C16:0 and more C22:0 in HDL fraction than was present in the LDL or chylomicron fractions. Because these were the only two major differences within this fraction, it can be assumed, at least under these experimental conditions, that a fatty acid analysis of the phospholipid fraction of the whole serum was representative of all lipoprotein fractions comprising this lipid class. This is in contrast to the work of , who observed considerable fatty acid concentration variability between the a and fl-lipoprotein phospholipids of the dairy cow. The cholesterol esters were unlike the phospholipids in that the serum chylomicron fraction fatty acids were in most instances significantly (P<.05) different from the other lipoprotein fractions and the whole serum. The levels of myristic, myristoleic, palmitic, palmitoleic, stearic and oleic acid were increased in the chylomicrons over those present in the other serum lipid classes because of the very low levels of linoMc acid present in the chylomicron and cholesterol esters. This effect was definitely present within each diet but was most pronounced in the control and 5% added animal fat diets. A very similar effect has been reported between the less refined a and fl-lipoprotein fractions of the dairy cow serum separated by Evans et al. (1961) and . The palmitic and linoleic acid content in the free fatty acid fraction of the chylomicrons (table 4) was significantly (P~.05) different in all diets from the amounts present in the LDL, HDL or whole serum fractions. Furthermore, in the 5% added fat diet group the whole serum content of palmitoleic and linoleic acid was greater (P<.05) than that of the other lipoprotein fractions. Other trends in fatty acid differences in the free fatty acid fraction were present but lacked statistical significance.
The HDL contained a significantly (P~.05) higher level of linoleic acid in the triglyceride fraction of all diets than did the LDL, chylomicrons or whole serum fractions. The level of stearic acid in the HDL fraction varied inversely with the linoleic acid content but this difference between serum fractions was not significant within each diet. These results give substantial support to the hypothesis of Moore et al. (1969a) that there was a specificity in the distribution of linoleic acid among the triglycerides of the different serum lipoproteins which accounted for the differential deposition of significantly suppressed levels of linoleic acid in milk fat as compared to that present in the whole serum. The level of C16:1 in the triglycerides of the LDL and HDL fractions was higher than that present in the chylomicrons or the whole serum in all diets, however the difference was only significant (P<.05) in the 10 and 15% added fat diets. Table 5 contains the least squares analysis of variance of the fatty acid composition of each serum lipid fraction within each lipoprotein fraction by diet as well as the fatty acid composition by lipid class for the whole serum. The individual fraction fatty acid values for these analyses are presented in tables 3 and 4. Generally, in all fractions studied, the C17 and C18 content of the phospholipids was highest in the control steers with the levels decreasing as the percent fat in the ration increased (table 3). The dietary effect on the linoleic acid content of the phospholipids was very similar to C17 and C18, however linoleic acid in the I-IDL fraction of the steers consuming the 15% added animal fat diet was significantly (P<.05) lower than in all other diets. Contrary to this, oleic acid was significantly (P<.05) higher in the phospholipids of LDL, HDL and whole serum fractions of those animals receiving additional levels of added fat. A similar trend of elevated levels of oleic acid with the added fat diets was apparent in the chylomicrons but not to such a marked extent. It was apparent that most of the effects upon the fatty acids of the phospholipids of the various serum fractions caused by dietary fat levels were nearly linear to the proportion of added fat in the ration. However this linear effect pattern of added fat did not follow as well in the fatty acids of the cholesterol esters. Here the changes within a lipoprotein fraction due to diet was most obvious in the serum of the steers on the 15% added fat diet. These steers had (P<.05) increased levels of palmitoleie and oleic acid and decreased quantities of linoleic acid in the LDL, HDL and whole serum fractions. The chylomicron cholesterol ester fatty acids which were quite different in composition from the remainder of the sermn, had significantly (P<.05) elevated quantities of myristic, palmitic and stearic acid in the animals consuming the 10% fat ration.
The free fatty acids (table 4) were influenced bv dietary effects only to a limited degree. There was a significant (P<.05) and essentially linear increase in C18:1 and de- crease in C18:2 by diet in all fractions but the chylomicrons. The fatty acid composition by diet of the triglyceride fraction of the serum fractions (table 4) was more variable than the composition of the free fatty acid fraction.
Palmitic acid of the triglycerides was significantly (P~.05) lower in the control steers (LDL, chylomicrons and whole serum) than in the steers consuming the added fat. Furthermore, C16:1 in the LDL and HDL fractions was highest in the 10 and 15% added fat diets while linoleic acid in these same fractions was highest (P<.05) in the control group.
Many of the fatty acid changes within each of the lipid classes due to dietary lipid intake were similar to the results obtained by other researchers working with ruminant animals (Moore et al., 1969a, b; Storry, Rook and Hall, 1967; Wadsworth, 1968) . However, it was not known whether these fatty acid interrelationships were similar among the lipid classes of the different serum lipoproteins and chylomicrons. The results of this study suggest that the fatty acid levels of the LDL and HDL fractions are very similar to the whole serum levels even in animals consuming different diets. However, in general the fatty acids of the chylomicron fraction were quite variable and different within a lipid class by diet from the whole serum fatty acid profile. The significance of this difference depends upon how dynamic the fatty acids of this fraction are and the organs or body sites supplied with this lipid.
The variation in fatty acid composition of the lipid classes by lipoprotein fraction and the whole serum within a sampling period over all diets is presented in table 6. In contrast to the uniformity in the fatty acid composition of the phospholipids within diets, there was considerably more variation within sampling period. Within sampling Period 1 (75% concentrate ration), the chylomicron phospholipids contained significantly (P<.05) less stearic and linoleic acid and more palmitoleic acid than did the other fractions. When on the 90% concentrate ration (Period 2) the serum LDL and chylomicron pho~pholipids possessed more (P~.05) palmitic acid than did the HDL or the whole serum.
The cholesterol esters of the chylomicrons of Period 2 (table 6) contained significantly different fatty acid concentrations compared with the other fractions for nearly all fatty acids presented. This was due to the significantly lower level of linoleic acid in the chylomicron fraction. The chylomicron free fatty acids contained even less linoleic acid; however, palmitic was the primary acid present in increased quantities, The fatty acid composition of the cholesterol esters and free fatty acid of the LDL, HDL and whole serum fractions was essentially not different.
The triglyceride fatty acids were quite variable in composition by fraction within each of the two sampling periods (table 6). As was the situation with diets, the HDL triglyceride fraction had a significantly (P(.05) greater amount of linoleic acid than did the LDL, chylomicron or the whole serum during both periods. The LDL and HDL triglycerides generally had lower levels of palmitic and stearic acid compared to the chylomicron and whole serum triglycerides.
Differences in fatty acid composition of the lipoprotein fractions and the whole serum between the two sampling periods over all four diets are presented in table 6. In all four serum lipid classes the LDL contained significantly (P~.05) greater quantities of palmitic acid on the second sampling period. The fatty acid content of the phospholipids of the chylomicrons exhibited considerable variation between the two periods with the fatty acids becoming more saturated with time, The levels of C15:0, C16:0, C17:0 and C18:0' were increased (P~.05) and the content of the 16:1 and C18:1 were significantly (P~ .05) decreased on Period 2. The fatty acid composition of the free fatty acid fraction of the chylomicrons was influenced (P(.05) in nearly the same way by the difference in time or ration energy availability between these, two periods. Since the effects of time and ration energy level were confounded in the period effect of this study, one cannot determine which of these may be exerting the significant influence. The linoleic acid content of the cholesterol esters was consistently (P~.05) lower on the second sample period in the LDL, HDL and whole serum fractions. The triglyceride fatty acids of the different serum fractions were essentially not different between the periods.
The fatty acid data presented in tables 7 and 8 is from sampling Period 1 only, where the LDL1 and LDL2 fractions were separated for individual analysis. The LDL1 and LDL2-fractions within all four diets exhibited essentially no difference in the fatty acid composition of the phospholipid and cholesterol ester fractions (table 7) . The previously discussed (table 3) differences in the fatty acid composition of the cholesterol esters of the chylomicrons were again apparent in all diets due tothe reduced levels of linoleic acid in the esters of cholesterol. Pronounced differences in the. fatty acid composition of the free fatty acids and triglycerides between the LDL1 and LDL~ fractions were observed (table 8) . Palmitoleic and linoleic acid of the trigtycerides of the LDL2 fractions of the serum of the steers on all diets were significantly (P<~.05) higher than in the LDL1 fraction. Myristic acid also, followed this same trend but the differences in composition between LDLI and LDL2 fractions were not significant for this acid. The content of stearic acid in the triglyceride fractions in the LDL1 was significantly (P<.05)
greater than that present in the LDL2 within each diet. Furthermore, palmitic acid was significantly (P<.05) higher in the LDLI fraction than the LDL2 of the animals within the 10 and 15% added fat diets. Within both the LDL~ and LDL2 fractions, the fatty acids of the phospholipids and cholesterol esters were influenced by the different diets almost identically. However, the influence of the dietary fat level on the fatty acid composition of the free fatty acids and the triglycerides was somewhat different between the LDL1 and LDL~. The palmitic acid content of the free fatty acids of the LDL~ fraction of the steers on the 15% added fat diet was significantly (P<.05) higher than those on the 5 of 10% added fat diets. Furthermore, the C17 level of the LDL1 of those on the 15% added fat diet was highest (P<.05), whereas this effect was not significant in the LDL~.. Also, oleic acid of the free fatty acids in the LDL~. fraction differed significantly (P<.05) between the control and 15% added fat diets, but this effect was not noted in the LDL1 fraction.
The dietary influence on the fatty acid composition of the triglycerides between the LDL~ and LDL2 fractions was quite uniform except that differences (P<.05) in the content of the paImitic acid by diet within the LDL~ were observed. These differences were not present in the LDL2 fraction.
Summary
Twelve half-sib Hereford steers, equally randomized to four rations containing 0, 5, 10 and 15% added animal fat were utilized in isolating and studying the serum lipoproreins of the bovine. The four separate lipoprotein fractions observed were: chylomicrons, density <1.007; LDL1, density 1.007 to 1.044; LDL2, density 1.044 to 1.063; and HDL, density 1.063 to 1.210 g/ml. The HDL comprized 76% of the total lipoprotein present whiIe the LDL~ and LDL2 were 5.4 and 18.5%, respectively. The lipid content of the LDL was approximately 85% and the HDL was 41% lipid while the chylomicrons carried a very small portion of the total serum lipid. The individual lipoprotein fraction concentrations were not significantly influenced by diet.
The fatty acid profiles of the phospholipid, triglyceride, free fatty acid and cholesterol ester lipid classes of chylomicron, LDL1, LDL2, total LDL, HDL and whole serum fraction of the serum within a particular diet and sampling period are presented. Within each of the lipid classes studied, the fatty acids of the chylomicrons were in most comparisons the only lipoprotein fraction which revealed large deviations from the whole serum profile and this was due primarily to a lower level of linoleic acid present in this fraction. The LDL1, LDL2, total LDL and HDL fractions were in general not significantly different in fatty acid composition from the whole serum or each other. The fatty acid levels of the lipid classes of the lipoprotein fractions were in general not influenced differently by diet from the whole serum fatty acid profile. Many significant (P<.05) changes due to the diets in the fatty acid levels within a lipoprotein or the whole serum fraction of a serum lipid fraction were observed. Most of these changes were nearly linear with the increased fat levels in the basic ration. However, the chylomicron fraction was somewhat different in that few significant (P<.05) dietary effects on the fatty acid composition of the lipid fractions occurred.
